Social regulation of the internal milieu is a fundamental behavioral adaptation. Cephalic capability is reflected by anticipatory behaviors to serve systemic physiological regulation. Homeostatic regulation, a dominant perspective, reflects reactive responses; allostatic regulation, the physiology of change, emphasizes longer-term anticipatory, and feedforward systems. Steroids, such as cortisol, and peptides such as corticotrophin releasing hormone are but one example of such anticipatory regulatory systems. The concept of "allostasis" is in part to take account of anticipatory control amidst diverse forms of adaptation underlying this regulatory adaptation that supports social contact and the internal milieu.
hormone) code for diverse socially adaptive behaviors; they are regulated, in part, by steroids in diverse regions of the brain. For instance, chemical messengers in the brain, such as CRH or vasopressin, oxytocin, or prolactin, are regulated by steroid hormones in different regions of the brain that underlie diverse behaviors, including approach and avoidance behaviors and physiological systems (Herbert, 1993; Carter et al., 1999; Pfaff, 1999; Schulkin, 1999; Keverne, 2004a,b) .
In this review, I begin first with a brief discussion of the concept of allostasis, then information molecules (e.g., cortisol, CRH) then a discussion of behavioral social regulation to a conception of diverse feedforward systems and then to devolution of function (allostatic overload). Our well-being is linked to social context, and social attachment reflects larger forms of regulatory competence.
AllostAsis
The concept of "Allostasis" was introduced to take account of the physiology of change and adaptation to diverse circumstances and to the behavioral and physiological anticipation of future events (Sterling and Eyer, 1988; McEwen and Stellar, 1993; Schulkin, 2003) . The concept has been centered in cephalic anticipatory regulation of the internal milieu in the context of a social framework: changing circumstances, adapting to change, and features that are not fully grasped in traditional accounts of homeostatic regulation (maintain glucose levels at one level) of the internal milieu (Schulkin, 2003) . Allostatic regulation emphasizes a central state of the brain (Sterling and Eyer, 1988; Schulkin, 2003; Koob and LeMoal, 2005; Ganzel et al., 2010) .
"Allo" means change, whereas "stasis" means stable/same. But social milieu changes; we invoke both cognitive and physiological resources to promote continuity, stability, and predicted outcomes. The "allo" part of "stasis" is "about adapting to change" to achieve the goal of stability in the face of uncertain circumstances, something all of us know about early in life and throughout life. The emphasis is on how we achieve internal viability in adapting iNtRoDUCtioN Human evolution placed social knowledge and social context at a premium. Prosocial behavior underlies the moral sensibility that pervades human experience resulting in significant human contact (Darwin, 1958 (Darwin, , 1998 .
Social contact is a major adaptation in the regulation of the internal milieu, a way in which the information molecules that permeate cephalic and end organ bodily systems interact and result in behavioral and physiological activity; many of the same information molecules that are produced in the periphery (e.g., stomach, heart) are produced in the brain. There is quite a diverse set of them [e.g., corticotrophin releasing hormone (CRH), oxytocin, vasopressin, angiotensin, prolactin, melatonin, serotonin, insulin, leptin; Herbert, 1993; Fitzsimons, 1999; Power and Schulkin, 2009] .
One feature of our species' brain is the presence of multiple mechanisms that provide the potential for cephalic anticipatory adaptation -that is, the brain constantly attempts to anticipate future events. This is paramount in larger cast social orders, and adaptation is achieved, in part, by cephalic regulation of behavioral and physiological systems in the expression of longer-term adaptation (Sterling and Eyer, 1988; McEwen and Stellar, 1993; Schulkin, 2003) .
The concept of allostasis (see below) in its original meaning was tied to diverse and expanding social demands; social contexts that expanded and stretched mammals and perhaps particularly in primates beyond reflexive immediacy and deviations in set point physiology. In fact, a close look at regulation almost always reveals something more than simple reflexes and deviations from set point parameters. In the social domain, and with a consideration of evolution, enhanced use of behavior, and social skills emerged to regulate viability (Sterling, 2004) .
Allostatic regulation emphasizes feedforward regulatory systems, anticipatory, and essential for adaptive social behaviors (Sterling and Eyer, 1988; Schulkin et al., 1998) . Diverse information molecules (e.g., oxytocin, prolactin, vasopressin, corticotrophin Social allostasis: anticipatory regulation of the internal milieu ability One type of allostatic overload has been thought to be linked to situations when energy demands and exceeds capability; another when there is dysregulation of energy regulation linked to social functions Wingfield, 2003, 2010; Wingfield, 2004) .
ANtiCipAtoRy RegUlAtioN AND CogNitive/visCeRAl ADAptAtioN
The concept of heterostasis was introduced by Selye (1956) : "Natural homeostatic mechanisms are usually sufficient to maintain a normal state of resistance. When faced with unusually heavy demands, however, ordinary homeostasis is not enough. The 'thermostat of defense' must be raised to a higher level. For this process, I proposed the term heterostasis (from the Greek heteros = other) as the establishment of a new steady state by treatment with agents which stimulate the physiologic adaptive mechanisms through the development of normally dormant defensive tissue reactions. Both homeostasis and heterostasis, the milieu interior participates actively." A number of other scholars have generated similar concepts.
• Moore-Ede (1986), Moore-Ede et al., 1992 Predictive homeostasis is an anticipatory adaptation and is distinguished from "reactive homeostasis." This distinction arose in the context of considerations of circadian timing systems in the brain and their role in behavioral and physiological regulation in the anticipation of future needs when they appear.
• Mrosovsky (1990) Coined the term "rheostasis," like the term "predictive homeostasis," it was generated to account for the variation in physiological systems, depending on season, time of day, and context. • Bauman (2000) Used the term homeorhesis. "The coordination of body tissue metabolism involves two types of regulation, homeostasis and homeorhesis. Homeostatic regulation involves the maintenance of physiological equilibrium; hence this control operates on a minute-by-minute basis to maintain constant conditions within the internal environment. Homeorhesis represents the orchestrated or coordinated changes in metabolism of body tissues to support a physiological state."
Allostatic considerations, like these others, shifts the emphasis less in terms of maintaining a particular balance, for example ionic balance, and more in terms of the range of balances that are possible in an adaptive individual coping with a changing environment (Sterling and Eyer, 1988) . Of course the concept of allostasis may not last the test of time in terms of utility (c.f. Dallman, 2003; Schulkin, 2003; Carpenter, 2004; Power, 2004; Day, 2005 ; Romero et al., 2009 ). Homeostatic regulation is about maintaining the same conditions; allostasis emphasizes change. Change is the core feature of evolution and successful adaptation, and the ability to adapt to change is a core feature of our cephalic ascent. Fixed responses serve end points in environments that remain the same, and indeed a range of variation remains constant in long-term adaptation or viability.
to changing circumstances within parameters essential for life processes; chronic overactivity of regulatory systems render one vulnerable to pathophysiology.
Traditional conceptions of regulation have typically (though not always) emphasized homeostatic short-term regulation, with further focus on set point stability and short-term contemporaneous adaptation (Cannon, 1929; Chrousos and Gold, 1992; Goldstein, 1995; Dallman, 2003) . The expansion of cortical function, in social groups of diverse complexity, entails longer-term regulation.
Anticipatory regulation underlies our evolutionary ascent and is a core feature of allostatic regulation. We are species for which we are not simply reactive in the narrow sense of responding to a need or deficit after it happens, we anticipate the events. Regulation of the internal milieu has mostly been construed as restoring deficits, much less about anticipating them, the cognitive resources that reflect the cephalic innervation and maximal use of bodily resources toward long-term viability. Predictive responses are a primary adaptation in human evolution (Moore-Ede, 1986; Bauman, 2000; Schulkin, 2003; Sterling, 2004; Gluckman et al., 2005; Romero et al., 2009 ).
Homeostatic regulation is too passive a notion for the resources required to maintain long-term viability and reproductive success. Traditional homeostatic theories were too passive in the consideration of brain involvement in shifting the emphasis toward longerterm considerations. The shift does not entail any mythological aggrandizement of perfect rationality, just longer-term considerations in our adaptive responses.
Allostatic considerations, amongst others shifts the emphasis less in terms of maintaining a particular balance for example ionic balance, and more terms of the range of balances that are possible in an adaptive individual coping with a changing environment (Sterling and Eyer, 1988) .
Homeostatic regulation and its conceptual basis were knotted to laboratory considerations (Cannon, 1929 (Cannon, , 1963 , the depletion/repletion model became the standard way to tease apart the maintenance of the internal milieu (Cannon, 1929 (Cannon, , 1963 Richter, 1943; Bernard, 1859) . But once behavior was introduced as an essential role in sustaining long term viability and not simple stability, a conceptual shift emerged. Behavioral adaptation and regulation is a fundamental way in which physiology viability is maintained; allostatic regulation emphasizes regulatory flexibility and cephalic expansion.
Allostasis was developed due to a need to conceptualize adaptation to change in a way that took account of all the exigencies of the environment and changing circumstance (e.g., Power, 2004; Wingfield, 2004) . The emphasis is on how we achieve internal viability in adapting to changing circumstances within parameters essential for life processes; chronic overactivity of regulatory systems render one vulnerable to pathophysiology.
Allostasis emphasizes regulation that is an adaptation to change; not just in reaction to it, but in anticipation of it (Moore-Ede, 1986; Bauman, 2000) . Unpredictable events are a constant feature of the life cycle for most animals (Wingfield et al., 1999; Wingfield, 2004) , and the need for stability and consistency are a constant feature of most animals, within both the physiological and social domains; allostasis is a means of achieving stability in the face of unpredict-the concept of allostasis and allostatic overload, pushing the system beyond its adaptive capability, is designed to account for vulnerability to disease by taking into account variations in individual experiences and genetic makeup, and to determine how a lifetime of short-and longer-term adaptation impacts wear on the body (Sapolsky, 1992; McEwen and Stellar, 1993; Cacioppo and Bernston, 2007) . Biology is designed to promote both short and longer term viability (Power and Schulkin, 2009). soCiAl, Complexity, CoRtex, AND the BehAvioRAl RegUlAtioN of the iNteRNAl milieU Human prenatal and postnatal development is long and varied in our species, tied as it is to the necessity of the acquisition of a huge body of knowledge during the early period. There is profound change in brain morphology and development during the protracted neonatal period in varying degrees in most mammals (Goy and McEwen, 1980; Arnold and Breedloev, 1985; McCarthy, 2008) . And hormones such as oxytocin vital for parturition, for the birth process and for lactation and social attachment figure throughout the gestational and developmental periods.
Regulation of the internal milieu is linked to the social environment, a connection that succeeds or fails in the balance between cooperation and competition for resources. What appears to have evolved in Homo sapiens is a "cognitive penchant" for long-term considerations derived from social cooperation and social knowledge (e.g., Darwin, 1874 Darwin, , 1958 Foley, 1996) .
Moreover, what is distinctive about us, although our species is not alone, is the degree to which we share and participate toward common ends; shared intentions linked to the considerations of others is one of our most important cognitive adaptations (Kagan, 1984; Tomasello et al., 1993) .
In our species, we look at others; it is not surprising that vision, shared visual space, and recognition that we are both looking at the same objects would come to be important cognitive resources (Tomasello, 1999) . But it is not simply a cognitive detached event; it is affectively rich, reassuring, and rewarding. The motivation to form meaningful contacts is essential for development and for life.
Depicted below are some common themes in our cognitive development, particularly that of social development, in Table 1 .
A diverse set of neuroendocrine systems knotted to cognitive capacity is encoded to ensure meaningful contact in development, and throughout life; devolution of function (e.g., autism) is the diminishment of this important capacity. Our evolution favored social contact, group formation in which diverse cognitive skills facilitate the formation of social bonds.
From the point of view of the brain for all primates, two kinds of regulation are taking place: the regulation of the internal milieu, and adaptation and regulation of the social milieu. Both require a brain with diverse physiological and behavioral regulatory systems. In both cases, anticipatory mechanisms underlie adaptation both within the individual and within the social milieu. The greater the degree of social contact and social organization experienced by a human, the greater the trend for cortical expansion (Dunbar, 1998; Barton, 2006; Dunbar and Shultz, 2007; see Figure 1 ).
In fact many investigators have argued that set point outlooks that are strictly homeostatic are not adequate to explain the behavioral role (e.g., Toates, 1986; Berridge, 2004 ). The hydraulic model of depletion and repletion (e.g., Freud, 1959; Lorenz, 1965 Lorenz, , 1981 ) is a limited perspective on the adaptive and opportunistic regulation of the internal milieu. It is not inaccurate, but there is greater variation in biological adaptation and long-term viability across different kinds of animals in nature than the homeostatic model allows for.
Moreover, the objects that a species requires often shift toward hedonic reward. They are required but they are also perceived as more palatable, thereby facilitating the motivation to acquire them. This is normal adaptation in the regulation of the internal milieu; in omnivores, like the rat, there can be over-consumption of saltladen commodities under conditions of sodium hunger or under conditions of sodium repletion; there is no perfect homeostatic set point. There is just opportunistic ingestion, and certainly in our species, another omnivore, a vulnerability to over-consumption (Schulkin, 2003) .
Adaptation, in other words, is the norm, while homeostatic regulation is highly theoretical. Information molecules that traverse both the peripheral and central nervous system underlie the organization of action, the recognition of the familiar and unfamiliar, the approach and avoidance of objects, the evaluation of events; neuropeptides are organized around diverse behavioral functions, rarely one; they are too valuable a resource to be utterly restrictive to one function.
Life cycles for many species are both predictable and unpredictable. Seasonal changes are predictable, as are light/dark cycles. But unpredictable events obviously pervade the seasonal changes. They include climate changes such as severe droughts, food shortages, or disruption of social status (Ricklefs and Wikelski, 2002; Wingfield, 2004) .
Disruption of social status, like most events, impacts cortisol levels. But levels of cortisol for instance by itself is not a measure of dominance or not, but of the way in which dominance is achieved (e.g., Saltzman et al., 1998; Cavigelli et al., 2003) . One recurrent theme is that social support is predictive of cortisol levels, mitigating diverse events which would elevate it in combating adversity (Abbott et al., 2003) . Consider what it is like for a wolf pup under the care of the alpha female who heads the group, then she is killed; the offspring is vulnerable, depending upon social alliances, the age and strength of the offspring, the terrain and social milieu.
Many different cognitive and physiological systems are involved with anticipating future events, including biological events that factor significantly into survival. Homeostasis has been linked to reflexive reactions, not cognitive anticipation of events and cephalic innervation and regulation of peripheral physiological adaptation. And they underlie the immediate sizing up of a social event, through the eye contact and bodily postures, through forms of encoding complex and not so complex social relationships. Think about how fast we are as a species, although sometimes utterly mistaken, in our assessment of possible threat, or possible social comfort.
The emphasis from a social allostatic perspective is on cephalic changes as a result of behavioral adaptation, involving physiology through social relationships, building an environment, use of tools, etc. This is fundamental to the concept of allostasis. In addition,
The Table below depicts the morphological core feature that is unique to Hominoids (Table 2) .
Finally, depicted below is an endocast of the frontal region of a putative Homo around two million years ago and a representation of (a) chimpanzee, (b) orangutan, (c) gorilla, and (d) human frontal plane (Falk, 1983) . Frontal cortical expansion is a primary feature of each illustration (Figure 3 ; Table 3 ).
CoRtisol
Cortisol is important in the conversion of short to longer-term memory (McGaugh, 2000) . Experiments demonstrate that cortisol, perhaps by facilitating norepinephrine, influences memory formation (Roozendaal et al., 1996 (Roozendaal et al., , 2001 ; it is a fundamental neurotransmitter in the brain which contributes to the consolidation and the induction of short-to long-term memory as the memory in the brain -broadcasting the memory to diverse regions of the brain (McGaugh, 2000; Roozendaal, 2000; Kukolja et al., 2008) . In other words cortisol impacts regions of the amygdala (McGaugh, 2000; Roozendaal, 2000; Donley et al., 2005 , lateral region) which is vital for memory formation.
Put slightly differently, the induction of the neurotransmitters related to adrenalin in the brain and the regulation of their expression in diverse regions of the brain (e.g., amygdala, hippocampus, Most primates are highly social except for the solitary orangutan, with the exception, of course, of a long relationship between the mother and her offspring, present in all primates, including the orangutan (Robson and Wood, 2008 ; see Figure 2 ).
Core features in the origins of the genus Homo consist of some of the following (Stringer and Andrews, 1988; Robson and Wood, 2008) : longer gestational period, long life spans, forward locomotion with heel and hind limb dominance, dominance of stereoscopic vision and forward movement of the eyes, and expanding use of the hands.
Physiological cognitive systems are oriented to the social milieu. Their evolution and expression underlie the diverse forms of complicated social assessments; group size, for instance, is correlated with cortical expansion (Dunbar and Shultz, 2007) . Consider the complex social relationships of primates, the hierarchy, and the distribution of food resources, shelter protection, dominance, and comfort through co-alliances. Such systems are quite varied and all involve cephalic innervations and expression. Wood (1992) . 3. Symbolic play with objects: playing with "intentionality" of object Early ChilDhooD: laNguagE 1. Linguistic symbols and predication: inter-subjective representations 2. Event categories: events and participants in one schema 3. Narratives: series of interrelated events with some constant participants ChilDhooD: mulTiPlE PErsPECTivEs aND rEPrEsENTaTioNal rE-DEsCriPTioNs 1. Theory of mind: seeing situation both as it is and as other believe it to be 2. Concrete operations: seeing events or object in two ways simultaneously 3. Representational re-description: seeing own behavior/cognition from "outside" perspective Adapted from Tomasello et al. (1993) . 
Schulkin
Anticipatory regulation of the internal milieu regions of the neocortex) than broadcasts the memory event to diverse regions of the brain that underlie memory (e.g., McGaugh, 2000 McGaugh, , 2003 Roozendaal et al., 2002) . Importantly, cortisol has diverse effects on end organ systems, in regulating glycogenesis and whole body regulation and one such form of regulation is central neurotransmitter regulation and the facilitation of memory formation. But cortisol function is broad in regulatory behavioral and physiological regulation; moreover, glucocorticoids vary their effects in seasonal variation, in droughts, and in predictability for the allocation of food resources and other metabolic requirements (Buttemer et al., 1991; Wingfield and Romero, 2001; Goymann and Wingfield, 2004; Landys et al., 2006) . Glucocorticoids are not a onedimensional entity. They are multidimensional in action and effect, and thus fundamental to biological and social adaptation. Their effects are both short-term adaptations and long-term detriment, which are depicted in Table 4 .
Thus glucocorticoids, for instance, promote foraging behavior in many different animals under various conditions, and facilitate life processes essential for successful reproduction, energy metabolism, and attention to external events (Sapolsky, 1992; Dallman et al., 1994; Schulkin, 2003) . The important point in understanding regulatory physiology promoting viability over time is the adaptive nature of actions of different hormones depending upon the circumstances both internal and relative to niche and circumstance (Wingfield et al., 1999; Adkins-Regan, 2005) .
Cortisol, long referred to as the hormone of "stress," is mischaracterized when understood in this way. It is the hormone of energy metabolism and adaptation through which different end organ systems are mobilized or restrained for action (Sapolsky, 1992; Dallman et al., 1994; McEwen and Wingfield, 2003; Schulkin, 2003) . An important consideration in the successful aging process, a cumulative biological marker is the regulation of cortisol, namely the ability to secrete more of it when necessary and terminate the Homo sapiens 100 Kya -present 5.8
Adapted from Power and Schulkin (2009) . Schulkin Anticipatory regulation of the internal milieu elevated levels when not necessary (Sapolsky et al., 2000; Seeman et al., 2001 ). These are ameliorated or not by social context, genetics, and Fortuna.
soCiAl CoNtACt AND CoRtisol
The secretion of cortisol is an adaptive response serving physiology and behavior. The continued secretion of cortisol without relief has consequences though; bone demineralization, compromised immune system, and shifts in metabolism are the result of secretion of cortisol (Sapolsky, 1992 (Sapolsky, , 1995 . One important adaptation is regulation of the internal milieu -that is, the secretion of cortisolthrough manipulations in the social context. And there is an important social adaptation designed to reduce elevated levels of cortisol back to normal. Social attachment, the formation of core safe, or relatively safe attachments, provide feedback on the expression of steroid levels such as cortisol and the regulation of the internal milieu.
The emphasis however is on social competence (which would include cooperative behavior in tool use), but also on an evolved set of anticipatory mechanisms that facilitated the regulation of the internal milieu amidst an expanding social milieu, since we are social animals. And these behavioral adaptations are impacting the brain directly; evolution selected for behavioral adaptations to feed back directly onto cephalic function.
For example, cortisol tends to be elevated in troops of macaque monkeys under conditions of uncertainty, including uncertainty of social control (Sapolsky, 1992) . Perception of where an individual baboon is in the hierarchy of its social group influences the internal milieu, particularly cortisol levels. In addition, social perception, facilitating social approach or avoidance, results in the behavioral regulation of cortisol (Sapolsky, 1990; Cheney and Seyfarth, 2007) .
But it is not axiomatic that cortisol is elevated in the downtrodden, insecure members of primate groups (c.f. Sapolsky, 1990 Sapolsky, , 1992 Sapolsky, , 1995 Saltzman et al., 1994 Saltzman et al., , 1998 Creel, 2001) . Behavioral adaptation can result in elevated levels of cortisol in many contexts (Abbott et al., 2003) . It is not the case with cortisol that elevated levels equals adversity. The important point about cortisol is not whether it is elevated in dominance or the socially less fortunate group member, but whether there are behavioral strategies for regulating it; turning it off, decreasing and increasing the level when necessary and its costs when not, social status. Social comfort is one such strategy (Sapolsky, 1995; Wingfield, 2004) . In an interesting confluence of two disciplines, the cognitive ethological literature and the endocrine regulatory literature, the social milieu is long known in both to help regulate steroid levels (e.g., Eberhart et al., 1980; Sapolsky, 1990 Sapolsky, , 1995  Figure 4) .
In humans, like several other mammalian species (e.g., macaques, baboons, Sapolsky, 1990; Erickson et al., 2005) , social contact under conditions of uncertainty can reduce cortisol secretion. For instance, grooming behavior is a fundamental form of social organization. Grooming behavior is involved in sustaining alliances amongst group members, in the formation of new alliances, appeasement, comfort, and attachment -"friendships" during conditions of adversity impact for instance cortisol levels Seyfarth, 1990, 2007) . In other words complex 
Brain deterioration
Adapted from Wingfield and Romero (2001) .
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January 2011 | Volume 2 | Article 111 | 7 Schulkin Anticipatory regulation of the internal milieu alliances are kept on track and are modulated by grooming behaviors. This pattern of behavior, because it is linked to tracking of complex hierarchical relationships, represents a highly cognitive adaptation fundamental for group coherence Seyfarth, 1990, 2007) . So social contact is one way of managing the secretion of cortisol. More social contact, more grooming, less cortisol circulating; forming coalitions is essential for the regulation of the internal milieu, of which cortisol, the molecule of energy metabolism, is one molecule amongst others being regulated by social contact (Sapolsky, 1992; Schulkin, 2003) . In a similar way, young children who form social contact and seek out human warmth and security tend to have lower levels of cortisol under diverse conditions (Gunnar et al., 1989; Gunnar, 1998; Gunnar and Davis, 2005 ; Figure 5 ).
An important adaptation are the formation of social contact and keeping track of alliances, amongst other social events Seyfarth, 1990, 2007) .The social context then feeds back upon the secretion of the steroid, for instance, cortisol. And steroid hormones such as cortisol have diverse effects on the brain; they regulate the production of genes that produce neuropeptides (e.g., CRH), which are a common final pathway in promoting the behaviors that underlie approach and avoid, sustain and persevere in the myriad of social and complex behaviors (Palombti et al., 1997) . With coalitions or friendships, cortisol is a bit lower in many studies of primates and other animals in the wild (Engh et al., 2006a ; Figure 6 ).
Disruption of social status like most events impacts cortisol levels. Levels of cortisol for instance by itself is not a measure of dominance or not, but the way in which dominance is achieved (e.g., Saltzman et al., 1998; Cavigelli et al., 2003) . One recurrent theme is that social support is predictive of cortisol levels, mitigating diverse events which would elevate it in combating adversity (Abbott et al., 2003) .
There is an important social adaptation designed to reduce elevated levels of cortisol back to normal is social attachment; the formation of core safe, or relatively safe attachments, feedback on the expression of steroid levels such as cortisol and the regulation of the internal milieu.
The emphasis however is on social competence (which would include the cooperative behavior in tool use) but also an evolved set of anticipatory mechanisms that facilitated the regulation of the internal milieu amidst an expanding social milieu, since we are social animals. These behavioral adaptations are impacting the brain directly; evolution selected for behavioral adaptations to feedback directly onto cephalic function (Herbert and Schulkin, 2002) .
fRom NegAtive RestRAiNt to AllostAtiC RegUlAtioN; BeyoND the hypothAlAmiC-pitUitARy-ADReNAl Axis
Chemical messengers in the brain, such as CRH or vasopressin, oxytocin or prolactin, are regulated by steroid hormones in different regions of the brain that underlie diverse behaviors, including approach and avoidance behaviors and physiological systems (Herbert, 1993; Carter et al., 1999; Pfaff, 1999; Schulkin, 1999; Keverne, 2004a,b) . One recurrent and constant theme in social allostasis is the relationship between steroids, such as estrogen, testosterone, cortisol, and central neuropeptides or neurotransmitters in the regulation of behavior.
Feedforward regulatory systems are endemic to neural function and behavioral regulation of the internal and social milieu; it is an important component of allostatic mechanisms as is the social regulation mediated by neuropeptide expression.
While an exaggerated emphasis has been on negative restraint as a primary model for steroid peptide interactions (though see Kalya, 1993; Fink, 1997) on the model of the hypothalamicpituitary-adrenal axis, the behavioral model is less in conformity stimulates release of cortisol from the adrenal glands, which provides negative feedback to the PVN. During fear, cortisol also acts on the medial prefrontal cortex (mPFC) and amygdala; these regions provide feedback to the PVN, via the lateral bed nucleus of the stria terminalis (lBNST; .
In fact the induction of CRH by cortisol in the amygdala is an important adaptation; there are a number of experiments that have shown that corticosterone can facilitate the induction of CRH gene expression in several regions of the brain; again they include the central nucleus of the amygdala and the bed nucleus of the stria terminalis (Swanson and Simmons, 1989; Makino et al., 1994a,b; Watts and Sanchez-Watts, 1995; Shepard et al., 2000; Thompson et al., 2004; Kolber et al., 2008) . Diverse kinds of events can elicit elevated CRH and diverse neuropeptides or neurotransmitters (bombesin, serotonin, dopamine Merali et al., 1998 Merali et al., , 2004 Merali et al., , 2008 in several regions of the brain, not just fear related events (e.g., anticipation of food).
The neuropeptides and neurotransmitters are regulated directly by many behavioral adaptations (e.g., Pfaff, 1980 Pfaff, , 1999 McEwen, 1995 McEwen, , 2007 Carter et al., 1999; Fitzsimons, 1999; Strand, 1999; Herbert and Schulkin, 2002; Insel and Fernald, 2004; Keverne and Curley, 2004; Goodson, 2005; Choleris et al., 2008) . The sight of a with this view (see Fluharty and Epstein, 1983; Herbert, 1993; Schulkin et al., 1998; Pfaff, 1999) . The inhibition of CRH by cortisol is profound, though it is not always expressed under conditions of adversity (Dallman et al., 1987; Swanson and Simmons, 1989; Imaki et al., 1991; Chrousos and Gold, 1992; Watts and Sanchez-Watts, 1995; Chrousos, 1996) . Indeed many forms of adversity in which cortisol is elevated does not result in the inhibition of CRH in the parvocellular region (e.g., withdrawal from psychotropic drugs, restraint stress, e.g., Koob and LeMoal, 2005) .
Glucocorticoids increase CRH gene expression in the central nucleus of the amygdala, lateral bed nucleus of the stria terminalis and infralimbic medial prefrontal cortex (Makino et al., 1994a,b; Watts and Sanchez-Watts, 1995; Cook, 2002; Dallman et al., 2003; Thompson et al., 2004; Merali et al., 2008) , while they decrease CRH gene expression in the classical fashion in the parvocellular region of the periventricular nucleus (Swanson and Simmons, 1989; Makino et al., 1994a,b; Watts and Sanchez-Watts, 1995; Dallman et al., 2003) . In fact, even within the paraventricular nucleus (PVN), CRH neurons that project to the brainstem are not restrained by glucocorticoids and CRH elsewhere in the brain are not restrained in production by glucocorticoids (Swanson and Simmons, 1989; Valentino et al., 1993; Watts and Sanchez-Watts, 1995; Shepard et al., 2000; Cook, 2002; Thompson et al., 2004 ; Figure 7) .
Corticotrophin releasing hormone, a signal about danger amongst other things in the brain, mobilizes action; if at a water spout or a feeding place the animal would flee. To sustain the fear, the adrenal gland is activated in the mobilization of coherent action, and in this regard the CRH release is sustained (Cook, 2002) . In other words, the initial release of CRH is independent of the adrenal gland hormone cortisol, the second release is cortisol dependent, since blocking its release reduces CRH expression in the amygdala (see Figure 8) . A 6-min exposure to a dog produced a biphasic CRH response: an initial rapid increase in CRH levels in the presence of the dog, followed 20 min later by a second CRH peak that was smaller in magnitude and longer in duration than the first, occurring in response to rising levels of cortisol. Saline injection had no effect on CRH levels. Venous administration of cortisol (3 mg kgK1) produced a single CRH peak, similar to the second CRH peak produced by dog exposure; the initial rapid increase in CRH levels seen with dog exposure was not observed. Combined exposure to a dog plus cortisol enhanced the second CRH peak; exposure to a dog plus a glucocorticoid receptor antagonist eliminated the second CRH peak.
(adapted from Cook, 2002) . Schulkin Anticipatory regulation of the internal milieu to neocortical function (e.g., Swanson, 2000) . The largest nuclear region is the basal lateral region. In one comparative study of apes and humans (e.g., human, chimpanzee, bonobo, gorilla, orangutan, gibbon) investigators found that the size of the lateral division of the amygdala expands quite a bit in Homo sapiens compared to the expansion in other primates (Barton et al., 2003; Barger et al., 2007 ; Figure 9 ).
ANtiCipAtoRy BehAvioRs, AllostAtiC pAthology, AND ChRoNiC ARoUsAl: exAggeRAteD soCiAl sAlieNCe
The widening range of consumable objects turns the volume up in terms of arousal the physiology. The consumption of and withdrawal from known addictive substances (heroin, cocaine, alcohol, barbiturates, amphetamine, marijuana etc.) results in elevated levels of CRH in at least two regions of the brain; the central nucleus of the amygdala, and the paraventricular nucleus of the hypothalamus (Koob and LeMoal, 2005) . And perhaps glucocorticoids, at least with regard to amygdala function, may enhance CRH expression and thereby increase the vulnerability to increased salience and attention to those objects associated with these drugs of abuse (Schulkin, 2003) . In fact every object of reward (food, drugs etc.) result in enhanced CRH expression in diverse regions of the brain, including the amygdala and frontal cortex and the paraventricular nucleus of the hypothalamus (Merali et al., 2004; Koob and LeMoal, 2005) .
In fact, one way to understand these events is that one function of glucocorticoids is to magnify the effects of CRH with increased attention to objects, their potential value etc. Peciña et al., 2006) .
The neuropeptide is knotted to attentional responses to both external and internal events Peciña et al., 2006) . Peptides such as CRH can increase incentive salience Merali et al., 2004; Peciña et al., 2006) . Rats will bar press in anticipation of an expected sucrose reward following CRH infusion or amphetamine infusions into the nucleus accumbens (Robinson and Berridge, 1993; Peciña et al., 2006 ; Figure 10) .
The next figure depicts the neural site to the intracranial infusion of CRH into what is called the "shell" of the nucleus accumbens (Peciña et al., 2006 ; Figure 11 ).
Regulation and anticipatory adaptation have turned into vulnerability and exaggerated consumption. Perhaps glucocorticoids, at least with regard to amygdala function, may enhance CRH expression and thereby increase the vulnerability to increase attention to those objects associated with drugs of abuse (Schulkin, 2003) .
More generally, many of these areas are activated with an expectation of diverse rewards (e.g., sucrose reward. For instance, expectancy for a sucrose reward results in activation of regions of the frontal cortex (Merali et al., 1998 (Merali et al., , 2004 Dallman et al., 2003; Peciña et al., 2006) ; in fact both positive and negative events (food ingestion and drug withdrawal, for instance) activate CRH expression in diverse regions of the brain, including the amygdala and frontal cortex and PVN (Merali et al., 2004; Koob and LeMoal, 2005) . Interestingly, using microdialysis to measure CRH release corticosterone pretreatment potentiates the expression of CRH in both the amygdala and frontal cortex (Merali et al., 2008) . predator as noted (a dog, for instance) elicits an immediate release of diverse central information molecules (bombesin, CRH); CRH measured by microdialysis in sheep is but one example (Cook, 2002; see Merali et al., 1998 see Merali et al., , 2004 see Merali et al., , 2008 . CRH is released under diverse conditions, particular under novelty (Habib et al., 2000; Cook, 2002) . The ability for the sheep to remove themselves from the vicinity of the dog, results in a rapid diminution of CRH; behavior serving to regulate central CRH expression (Cook, 2002) . The instrumental behaviors are tied avoiding an aversive noxious event, has immediate impacts on CRH expression or attending to noxious and fear related events, or something unfamiliar or uncertain (Kalin et al., 1989 (Kalin et al., , 2000 Coplan et al., 1996; Merali et al., 1998) . One important insight into one behavioral function of CRH is that it is released when an object is unfamiliar or uncertain, as well as if it is dangerous (e.g., Kalin et al., 1998; Habib et al., 2000) .
Diverse social internal systems activate gene expression underlying CRH and many other information molecules in the brain (Kalin et al., 1989 (Kalin et al., , 1998 Herbert and Schulkin, 2002; Ruscio et al., 2007; Yao et al., 2008) . And CRH is linked to diverse behaviors: food intake, learning, arousal, and sexual behavior (Kalin, 1985; Kalin et al., 1989 Kalin et al., , 1998 Merali et al., 1998 Merali et al., , 2004 Merali et al., , 2008 . One key area in which there are both GR and CRH receptor sites is the lateral region of the amygdala (Makino et al., 1995) , an area known to be influenced by both CORT and CRH (Roozendaal, 2000; Donley et al., 2005) .
In addition, regions of the amygdala essential for social attachment and avoidance also demonstrate significant changes in us: for instance, enlargement of the lateral amygdala which is closely tied 
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Anticipatory regulation of the internal milieu Keverne and Curley, 2008) . Genes that produce oxytocin expression, for example, an important peptide hormone that plays diverse regulatory roles from milk lactation, to parturition, to social attachment, are particularly significant; the same hormone depending upon where it is expressed in end organ systems, thus, plays a wide variety of roles (Carter et al., 1999) . Importantly, changes in demethylation are linked to the transmission of these social behaviors to the offspring during development in cross-fostering experiments. They are also linked to CRH (Elliot et al., 2010) . Indeed manipulations of demethylation impact the transmission of this social behavior and can be reversed later in life (Weaver et al., 2004) . The imprinted genes are not permanent; the emphasis on silencing gene expression by imprinting is of course an active area of research (Cameron et al., 2008) .
soCiAl RegUlAtioN AND AllostAtiC oveRloAD
Many of the prosocial behaviors and the evaluative processes in cephalic systems are anticipatory and not only reactive to events. Information molecules such as CRH (or oxytocin or vasopressin) underlie diverse forms of anticipatory behaviors. The concept of "allostasis" is in part to take account of anticipatory control (Sterling and Eyer, 1988) amidst diverse forms of adaptation underlying this regulatory adaptation that supports social contact and internal milieu (Schulkin, 2003) . Importantly, feedforward and social regulation of neuropeptide expression is an important factor.
Social contact is at the heart of ontogenetic development, a long noted piece of epistemological history differently expressed across diverse cultures. Family and group structure through meaningful contact is essential for our mental health. Supportive social contact is not an absolute prophylactic but a helpful ameliorative in combating disease and breakdown (Steptoe et al., 2002) , along with predictive abilities (Miller, 1957 (Miller, , 1959 ; intermittent unpredictable aversive events are a long known production of pathology (e.g., gastric Weiss, 1970) , increasing allostatic load (e.g., Schulkin et al., 1998; Tannenbaum et al., 2002) .
Unremitting social distress, high cortisol when cumulative, decreases social competence process (e.g., brain morphology and decreases in memory function (Sapolsky, 1992 (Sapolsky, , 1995 , and increases allostatic load (McEwen and Stellar, 1993; Johnston-Brooks et al., 1998; McEwen, 1998; Seeman et al., 2001 ). Allostatic load is one predictive factor in aging (Karlamangla et al., 2002; Hellhammer et al., 2004) ; age, health, and economic disparities are all functionally related to allostatic overload (Crimmins et al., 2003; von Kanel et al., 2003; Carlson and Chamberlain, 2005; Szanton et al., 2005) .
The price of an enlarged cortical and limbic systems with greater motivational lures, and one of the original insights of Eyer (1988, see also Sterling, 2004) , is the chronic over-activation of behavioral and physiological systems; lights are on too long, too little sleep, too little enjoyment, too much seduction by noise, too little rest and restoration and meditation.
Adequate forms of social attachments in our species and in other primates (Harlow and Soumi, 1971; Levine, 1975; Ellison and Gray, 2009) , are crucial to normal development, and many forms of social isolation lead to aberrant development. From the mundane to the extraordinary, hormones such as cortisol are knotted to the parental or other forms of attachment Ahnert et al., 2004) .
Both consumption of and withdrawal from diverse psychotropic drugs elevates glucocorticoids and CRH (Koob and LeMoal, 2005) ; glucocorticoids like dopamine are essential for organization of action. In fact, that is one of the ways in which the steroid, by regulating the neurotransmitter, influences behavior. In this case, it is an all-too-real occurrence, namely the vulnerability to self-medication with drugs that are harmful. Feedforward systems include adrenal steroids and their regulation of CRH and adrenergic action in the attention and effort required that underlies the organization of action under adaptive and pathological conditions (Koob and LeMoal, 2005) .
Allostatic states reflect the escalation of dependence and the decrease in reward (Koob and LeMoal, 2005; Sterling, 2004) . Glucocorticoids regulate a number of neuropeptides and neurotransmitters knotted to the organization of action. In other words, glucocorticoids regulate dopamine, knotted to some aspect of reward or instrumental response (Di Chiara, 1999; Ikemoto and Panksepp, 1999; LeMoal, 2001, 2005) .
epigeNetiC eveNts AND soCiAl CoNtACt
Interestingly, oxytocin and CRH are also altered by maternal care across generations of offspring. Cross-fostering studies in rodents have shown that variation in maternal care is transmitted in both genomic and non-genomic mechanisms; individual differences in maternal behavior are transmitted from one generation to another (Francis et al., 1999; Meaney, 2001; Champagne, 2003) .
One example is the link between maternal licking and grooming (high or low) which is consistently transmitted to female offspring; moreover, decreased social comforting contact has long-term implications for most mammals studied (e.g., Levine, 1975; Meaney et al., 1996; Liu et al., 1997) . There is wide variation in this phenomenon that has long-term implications on cephalic systems; those rat pups comforted by social contact have greater regulatory capacity as adults on diverse systems in the brain, including neuropeptide and neurotransmitter systems (dopamine, serotonin, CRH).
David Crews rightly emphasized a distinction between a molecular and molar level of analysis. The molar level is a critical level of analysis with regard to epigenesis when the consideration is behavioral adaptation and toward an understanding of development (Crews, 2008) . Behavioral adaptations are long noted to be fundamental to evolutionary change, and indeed underlie any definition of evolutionary change (Darwin, 1958; James, 1952) . One mechanism that may underlie epigenetic gene regulation is methylation and demethylation (e.g., silencing or enhancing the expression of genes; Holliday, 2002) ; demethylation prevents transcriptional expression, and one result is the silencing of gene expression. (Holliday and Ho, 1998; Keverne and Curley, 2008) .
Variations in parental behaviors, for instance, are linked to oxytocin (or prolactin) expression (Dixson and George, 1982; Carter et al., 1999; Francis et al., 1999 Francis et al., , 2002 Keverne and Curley, 2008) . The high levels of grooming in cross-fostering experiments are knotted to estrogen and oxytocin expression (Meaney, 2001; Cameron et al., 2008) , as well as glucocorticoid receptors and diverse neurotransmitter and neuropeptide expression such as CRH, 5HT, dopamine, and DNA methylation (Weaver et al., 2004) . Research is showing both epigenetic and genetic contributions to group formation and regulation and ultimately to reproductive success (Meaney, 2001;  Social affiliation is one long noted adaptation (Singer and Ryff, 1999; Taylor et al., 2000) . A behavioral disposition toward more "dove-like" behavior rather than "hawk-like" behavior, to more collaborative and positive social cooperative interactions, may have real consequences (e.g., conduct disorder for the hawk and anxiety vulnerability for the dove on allostatic overload and vulnerability to physiological pathology; Korte et al., 2004) . But they should not be oversold and over-exaggerated.
It is not helped by diverse chronic social, economic health, danger, and worries that permeate our social milieu (Sterling and Eyer, 1988; Schnorpfeil et al., 2003; Carlson and Chamberlain, 2005) , such as economic disparities (Steptoe et al., 2002 (Steptoe et al., , 2004 ; elevated cortisol is linked to social economic equality and allostatic overload and wear and tear on regulatory systems (Lupien et al., 2000 (Lupien et al., , 2007 . But elevated cortisol should also be elevated in highly socially competitive achievers. The issue is whether the social milieu allows for appropriate secretion and non-secretion of this and other information molecules essential for adapting to diverse social contexts.
Allostatic overload, for instance, by exaggerated levels of cortisol, sets the stage for a wellspring of devolution of function and exaggerated breakdown of bodily tissue (Sapolsky, 1992; McEwen, 1998; Schulkin, 2003; Koob and LeMoal, 2005; Lupien et al., 2007) ; one ameliorative factor is social meaning, or contact (Jaspers, 1997; Huppert et al., 2005) .
CoNClUsioN
The concept of allostasis in its original meaning was tied to diverse and expanding social demands. In fact, a close look at regulation almost always reveals something more than simple reflexes to deviations from set point parameters. In the social domain, and with a consideration of evolution, enhanced use of behavior and social skills emerged to regulate viability.
Social isolation and loneliness is devolution of the ameliorative social factor (Singer and Ryff, 1999; Weinstein et al., 2003; Steptoe et al., 2004; Cacioppo et al., 2006) . In other conditions that might be favorable to neuroendocrine systems, social isolation exacerbates vulnerabilities across diverse species (Cacioppo et al., 2006; Grippo et al., 2007) .
The endless allure of modern seductive incentives, both social and non-social, are a chronic setting of the stage for allostatic breakdown of function; neuropeptides that serve adaptive roles, such as CRH in attention to events, now serve as an allure toward devolution of function.
Allostatic regulation is now tied to the physiology of change and adaptation, a core feature of our evolution and the structural formation of our cephalic expansion. The degree of corticalization of function corresponds to the expanded connectivity of cortex analysis of the amygdaloid complex and basolateral division in the human and ape brain. Am. J. Phys. Anthropol. 134, 392-403. Barton, R. A. (2006 and diverse brain regions that underlie behavior (Sterling, 2004) . A greater form of regulation is adapting to changing circumstance, one mechanism of which is allostatic regulation. The expansion of anticipatory regulation of the social and the internal milieu is a reflection of allostasis. The move from reflexive to more anticipatory functions knotted to a cognitive repertoire is a core feature of allostatic regulation of the internal milieu (Sterling and Eyer, 1988; Schulkin, 2003) . Allostatic regulation is the lifeblood of cephalic innervations of adaptive physiological and behavioral responses Wingfield, 2003, Schulkin, 2003; Sterling, 2004) . Many of the prosocial behaviors and the evaluative processes in cephalic systems are anticipatory, not merely reactive, to events.
Allostatic overload is a chronic social fact; the origins of the concept of allostasis emphasize the social milieu (Sterling and Eyer, 1988; Schulkin, 2003) , and social status is important to vulnerabilities (Kubzansky et al., 1999; Singer and Ryff, 1999; Van Cauter and Spiegel, 1999; Goymann and Wingfield, 2004; Weinstein, 2003) .
An essential part of our well-being is in the link to others; human flourishing is bound to others (Jaspers, 1997; Ryff et al., 2004) . It is within the social milieu in which approach and avoidance behavioral responses for participation with others occurs; our evolutionary machinery sets the stage for this modern and ancient participation with others and for our sense of well-being (e.g., Fromm, 1947; Ostwald, 1962; Keverne, 2004a,b) . This is the sense in which to couch the concept of social allostasis and modern human life.
Human well-being is in part a physiological concept, but since we are social animals, it almost always involves our relationship to others, the diverse and essential meaningful experiences we derive from social contact (Jaspers, 1997) . Friendship, compassion, and connectedness to one another are essential for our mental health (Ostwald, 1962; Cacioppo et al., 2006) , and our sense of well-being (Jaspers, 1997) . The value of meaningful social contact is something featured in other primates (Palombit et al., 1997) and essential for normal development and long-term viability.
As Jaspers (1997) , a noted existential psychiatrist stated at the beginning of the twentieth century, "… we are always being led by ideas to a complex unity of meaningful connections …" (p. 760). The search for meaning underlies human existence, and a great deal of it is social in nature. As the poet Robert Burns put it, "The deities that I adore are social peace and plenty" (from Song). An evolved social framework is an essential feature of the central nervous system; and what evolved are elaborate behavioral ways in which to sustain and maintain the physiological/endocrine systems that underlie the behavioral adaptations.
